Faecal microbiota transplantation for the treatment of diarrhoea induced by tyrosine-kinase

inhibitors in patients with metastatic renal cell carcinoma

SUPPLEMENTARY INFORMATION



SUPPLEMENTARY FIGURES
Supplementary Figure 1. Effect sizes of comparisons between D-FMT patients and their
respectives donors vs D-FMT patients and P-FMT patients. Effect sizes were calculated using

Hedge's G statistic and vertical lines represent the 95% confidence interval of the statistic.
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D-FMT= donor faecal microbiota transplantation; P-FMT= placebo faecal microbiota

transplantation.



Supplementary Figure 2. Representative phylogenetic tree of Akkermansia muciniphila showing

strain transmission for this species between D-FMT patients and their respective donors.
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Supplementary Figure 3. CONSORT Flow diagram of the subjects enrolled in the study.

[ Enrollment ]

Assessed for eligibility (n=32)

Excluded (n=12)
e Recent therapy with antibiotics, probiotics, or proton

> pump inhibitors (n=8)

e History of irritable bowel syndrome (n= 2)

e Positive C. difficile toxin (n=1)

e History of inflammatory bowel disease (n=1)

[ Allocation ]

Randomised (n=20)

!

Allocated to D-FMT (n=10)
e Received the scheduled treatment as randomised (n=10)

Allocated to P-FMT (n=10)
e Received the scheduled treatment as randomised (n=10)

[ Follow-up ]

A 4

A 4

e  Completed the study (n=10)
e Lostto follow-up (n=0)
e Discontinued the intervention (n=0)

e Completed the study (n=10)
e Lostto follow-up (n=0)
e Discontinued the intervention (n=0)

[ Analysis ]

v

v

e Included in the per-protocol analysis (n=10)
e Included in the intention-to-treat analysis (n=10)
e Included in the analysis of adverse events (n=10)

e Included in the per-protocol analysis (n=10)
e Included in the intention-to-treat analysis (n=10)
¢ Included in the analysis of adverse events (n=10)

D-FMT= donor faecal microbiota transplantation; P-FMT= placebo faecal microbiota

transplantation.



SUPPLEMENTARY TABLES.

Supplementary Table 1: Demographic and baseline clinical characteristics of enrolled patients

Characteristic D-FMT (N=10) P-FMT (N=10) P value*
Mean age in years (SD) 63.4 (9.38) 66.5 (12.74) 0.85
Gender (%) 1
Male 8 (80) 7(70)
Female 2 (20) 3 (30)
BMI, kg/mz (SD) 25 (3.74) 24.5 (3.47) 0.74
IMDC prognostic group (%) 1
Good 7 (70) 8 (80)
Intermediate 3(30) 2 (20)
Poor 0 0
Performance status** 1
0 8 (80) 7 (70)
1 2 (20) 3(30)
Previous kidney surgery (%) 1
Yes 9 (90) 8 (80)
No 1(10) 2 (20)

Site of metastases

Lung 7 (70) 9 (90) 0.58
Liver 0(0) 1 (10) 1
Pancreas 2 (20) 2 (20) 1
Lymph nodes 5 (50) 5 (50) 1
Bone 5 (50) 2 (20) 0.35
Cancer treatment (%) 0.6

Sunitinib 1 (10) 3(30)

50 mg, 4 weeks on/2 weeks off 1 2

50 mg, 2 weeks on/1 week off 1
Pazopanib 9 (90) 7 (70)

800 mg daily 8 7




600 mg daily 1

Diarrhoea grade*** (%) 1
2 9 (90) 10 (100)
3 1(10) 0(0)

BMI= Body mass index; D-FMT= Donor faecal microbiota transplantation; IMDC: International
metastatic renal cell carcinoma database consortium; P-FMT= placebo faecal microbiota
transplantation; SD= standard deviation.

*Differences among groups were assessed with Wilcoxon-rank sum test for continuous data and
with Fisher’s exact probability test (using two-tailed P-values) for categorical data.

**According to the Eastern Cooperative Oncology Group (ECOG) scale

***According to the Common Terminology Criteria (CTC) for Adverse Events (AE) version 4.0.
Only patients with grades 2 and 3 of diarrhoea were enrolled



Supplementary Table 2. CONSORT 2010 checklist of information to include when reporting a randomised trial

Item Reported on
Section/Topic No  Checklist item page No
Title and abstract
la Identification as a randomised trial in the title 1

1b  Structured summary of trial design, methods, results, and conclusions (for specific guidance see CONSORT for abstracts) 3

Introduction

Background and 2a  Scientific background and explanation of rationale 4
objectives 2b  Specific objectives or hypotheses 4
Methods
Trial design 3a  Description of trial design (such as parallel, factorial) including allocation ratio 10
3b  Important changes to methods after trial commencement (such as eligibility criteria), with reasons N.A.
Participants 4a  Eligibility criteria for participants 10-11
4b  Settings and locations where the data were collected 10
Interventions 5 The interventions for each group with sufficient details to allow replication, including how and when they were actually 11-12
administered
Outcomes 6a  Completely defined pre-specified primary and secondary outcome measures, including how and when they were assessed 14
6b  Any changes to trial outcomes after the trial commenced, with reasons N.A.
Sample size 7a  How sample size was determined 14-15
7b  When applicable, explanation of any interim analyses and stopping guidelines N.A.
Randomisation:
Sequence 8a  Method used to generate the random allocation sequence 14
generation 8b  Type of randomisation; details of any restriction (such as blocking and block size) 14
Allocation 9 Mechanism used to implement the random allocation sequence (such as sequentially numbered containers), describing any 14
concealment steps taken to conceal the sequence until interventions were assigned
mechanism
Implementation 10  Who generated the random allocation sequence, who enrolled participants, and who assigned participants to interventions 14
Blinding 11a If done, who was blinded after assignment to interventions (for example, participants, care providers, those assessing 14
outcomes) and how
11b  If relevant, description of the similarity of interventions 14
Statistical methods 12a  Statistical methods used to compare groups for primary and secondary outcomes 14-15




12b  Methods for additional analyses, such as subgroup analyses and adjusted analyses 15
Results
Participant flow (a 13a  For each group, the numbers of participants who were randomly assigned, received intended treatment, and were analysed  Supplementary
diagram is strongly for the primary outcome material, page
recommended) 4
13b  For each group, losses and exclusions after randomisation, together with reasons N.A.
Recruitment 14a  Dates defining the periods of recruitment and follow-up 4
14b  Why the trial ended or was stopped N.A.
Baseline data 15  Atable showing baseline demographic and clinical characteristics for each group Supplementary
material, page
5
Numbers analysed 16  For each group, number of participants (denominator) included in each analysis and whether the analysis was by original Supplementary
assigned groups material, page
4
Outcomes and 17a  For each primary and secondary outcome, results for each group, and the estimated effect size and its precision (such as 6
estimation 95% confidence interval)
17b  For binary outcomes, presentation of both absolute and relative effect sizes is recommended N.A.
Ancillary analyses 18  Results of any other analyses performed, including subgroup analyses and adjusted analyses, distinguishing pre-specified  6-8
from exploratory
Harms 19  All important harms or unintended effects in each group (for specific guidance see CONSORT for harms) N.A.
Discussion
Limitations 20  Trial limitations, addressing sources of potential bias, imprecision, and, if relevant, multiplicity of analyses 9
Generalisability 21  Generalisability (external validity, applicability) of the trial findings 9
Interpretation 22 Interpretation consistent with results, balancing benefits and harms, and considering other relevant evidence 9
Other information
Registration 23 Registration number and name of trial registry 10
Protocol 24 Where the full trial protocol can be accessed, if available 10
Funding 25  Sources of funding and other support (such as supply of drugs), role of funders N.A.




SUPPLEMENTARY NOTE 1

STUDY PROTOCOL

FAECAL MICROBIOTA TRANSPLANTATION FOR THE TREATMENT OF DIARRHOEA
INDUCED BY TYROSINE-KINASE INHIBITORS IN PATIENTS
WITH METASTATIC RENAL CELL CARCINOMA
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1. INTRODUCTION AND STUDY RATIONALE

Despite the improvement in diagnosis and management, renal cell carcinoma (RCC) remains one
of the most burdensome urological cancers, being the sixth most common malignancy in men and
the 10th in women, accounting, respectively, for 5% and 3% of all cancers (1). Moreover, the
incidence of RCC is increasing, especially in Western countries (2), accounting for nearly 60000
new cases per year in the United States (3). A considerable proportion of patients present with
metastatic disease at diagnosis (4,5), and there are more than 140000 RCC-dependent deaths per
year worldwide according to the World Health Organization (6).

Sunitinib and pazopanib are oral multi-targeted receptor tyrosine kinase inhibitors (TKIs) that have
dramatically improved the survival of patients with metastatic RCC (7), and are commonly used as
first-line option for this condition (8).

However, long-term use of these drugs is prevented by the development of toxicity. Diarrhoea is
one of the most common side effects of TKIs, occurring in nearly 50% of patients (9-11). It
decreases the quality of life of these patients, and often requires dose reduction and drug
discontinuation (12), potentially decreasing the efficacy of TKIs.

To date there are no standardised strategies for TKIs-related diarrhoea, and current
recommendations are supported by few evidence or real-life experience. Recommended treatment
options include anti-motility agents, which are not targeted to act on the pathogenic pathways of
diarrhoea (13).

Increasing evidence suggests that gut microbiota could influence the development of TKIs-induced
diarrhoea. Overall, chemotherapy is known to drive, through the development of mucositis, deep
compositional and functional alterations of gut microbiota (14). Mucositis occurs commonly after
treatment with TKIs (15), and a specific dysbiotic profile has been found in patients with TKIs-
induced diarrhoea (16).

In theory, the therapeutic modulation of gut microbiota could be an approach to alleviate TKI-
induced diarrhoea. Although probiotics have been suggested as a possible treatment option for this
condition, few evidence supports this indication (17,18).

Faecal microbiota transplantation (FMT) is the infusion of faecal microbiota from a healthy donor
in the gut of a recipient with the aim of curing a specific disease. It has been increasingly
recognised as a highly effective treatment against recurrent C. difficile infection (19,20).

FMT has been also examined as a potential approach for other disorders associated with a

disruption of gut microbiota, including ulcerative colitis (21) or metabolic syndrome (22).
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To date, the effects of FMT on chemotherapy-related diarrhoea are unknown. The aim of our study
Is to investigate the efficacy of faecal microbiota transplantation (FMT), compared with placebo

FMT, in treating TKI-induced diarrhoea in patients with metastatic RCC.
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2. OBJECTIVES
e To assess the efficacy of donor FMT in treating TKI-induced diarrhoea

e To investigate changes in gut microbiome after treatment in patients treated with donor
FMT
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3. METHODS

3.1 Study design

Single-centre placebo-controlled, double blind randomised clinical trial of donor FMT vs placebo
FMT in patients with TKI-induced diarrhoea

3.2 Study population

Patients will be recruited among those referred to the oncology outpatient clinic of the Fondazione

Policlinico Universitario “A. Gemelli”. Patients with all inclusion criteria and none of the exclusion

criteria will be considered for this study.

3 2 lusion criteri

18 years old or older

Treatment with pazopanib or sunitinib for metastatic RCC diagnosed at histology and
measurable according to RECIST criteria version 1.1 (23)

Development of diarrhoea of 2-3 grade according to Common Terminology Criteria (CTC)
for Adverse Events (AE) version 4.0 (24) induced by these drugs.

Execution of a CT scan no earlier than 4 weeks before enrollment

Good or intermediate prognostic assessment (according to criteria of the prognostic system
of the International Metastatic RCC Database Consortium[25])

Performance status equal or lower than 2 (26)

Blood count, hepatic and kidney testing within normal limit

Ability to give their consent to be included in the study.

vy lusi o

Another known cause of diarrhoea (e.g. infectious gastroenteritis. C. difficile infection,
celiac disease, inflammatory bowel disease, irritable bowel syndrome, chronic pancreatitis,
biliary salt diarrhoea)

Previous colorectal surgery or cutaneous stoma

Food allergies

Recent (<6 weeks) therapy with drugs that could possibly alter gut microbiota (e.g.
antibiotics, probiotics, proton pump inhibitors, immunosuppressants, metformin)

Another cancer (except for surgically treated basocellular carcinoma)

Brain metastases

Decompensated heart failure or heart disease with ejection fraction lower than 30%
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e Severe respiratory insufficiency
e Psychiatric disorders
e Pregnancy

e Unable to give informed consent

Potentially eligible patients, based on these criteria, will undergo the following exams to exclude
other causes of diarrhoea:

e Faecal exams, including: C. difficile (culture and toxin); bacterial culture for enteric
pathogens, including Salmonella, Shigella, Campylobacter, Escherichia coli 0157 H7,
Yersinia, VRE (vancomycin-resistant Enterococci), MRSA (methicillin-resistant
Staphylococcus aureus), Gram-negative MDR (multi-drug-resistant) bacteria, Vibrio
cholerae, Listeria monocytogenes; Norovirus; Protozoa and helminths/Ova and parasites;
faecal pancreatic elastase;

¢ Blood exams, including: C reactive protein, erythrocyte sedimentation rate,
transglutaminase antibodies, total IgA and IgE

¢ lleocolonoscopy

All subjects who will meet eligibility criteria and will test negative for these exams will be finally

enrolled in the study.

3.3 Baseline assessments

Before randomisation, demographic data will be collected by the oncology staff, and patients will
be evaluated for the severity of diarrhoea according to the National Cancer Institute Common
Toxicity Criteria; NCI CTC version 4.0 (grade 0 = none; grade 1 = increase of < 4 stools/day over
pre-treatment; grade 2 = increase of 4-6 stools/day, or nocturnal stools; grade 3 = increase of > 7
stools/day or incontinence or need for parenteral support for dehydration; grade 4 = physiologic
consequences requiring intensive care, or hemodynamic collapse) (24).

Additionally, patients will be requested to give stool samples to be collected in a sterile, sealed
container and stored at -80°C for metagenomic assessment of gut microbiome by the microbiology
staff.
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3.4 Treatments

After baseline assessments, patients will be randomly assigned to one of the following treatment
arms:

- Donor FMT (D-FMT)

- Placebo FMT (P-FMT)

Patients in both groups will undergo a single FMT procedure by colonoscopy.

Each patient in the donor FMT group will receive faeces from one single donor.

Placebo FMT will be made of 250 mL water.

Loperamide will be allowed as anti-diarrhoeal medication if diarrhoea will not respond to

experimental treatments.

3.4.1 Selection of stool donors
The selection of stool donors will be performed by the gastroenterology staff following protocols
previously recommended by international guidelines (20), including:
1) A questionnaire to address donor medical history, including:
Infectious diseases
» History of, or known exposure to, HIV, HBV or HCV, syphilis, human T-
lymphotropic virus | and Il, malaria, trypanosomiasis, tuberculosis
» Known systemic infection not controlled at the time of donation
» Use of illegal drugs
» Risky sexual behavior (anonymous sexual contacts; sexual contacts with prostitutes,
drug addicts, individuals with HIV, viral hepatitis, syphilis; work as prostitute;
history of sexually transmittable disease)
» Previous reception of tissue/organ transplant
» Previous (<12 months) reception of blood products
» Recent (<6 months) needle stick accident
» Recent (<6 months) body tattoo, piercing, earring, acupuncture
» Recent medical treatment in poorly hygienic conditions
» Risk of transmission of diseases caused by prions
» Recent parasitosis or infection from rotavirus, Giardia lamblia and other microbes
with gastrointestinal involvement
» Recent (<6 months) travel in tropical countries, countries at high risk of

communicable diseases or traveller’s diarrhoea
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» Recent (<6 months) history of vaccination with a live attenuated virus, if there is a
possible risk of transmission

» Healthcare workers (to exclude the risk of transmission of multidrug-resistant
organisms)

» Individual working with animals (to exclude the risk of transmission of zoonotic

infections)

Gastrointestinal, metabolic and neurological disorders
» History of irritable bowel syndrome, inflammatory bowel disease, functional chronic
constipation, coeliac disease, other chronic gastrointestinal disorders
» History of chronic, systemic autoimmune disorders with gastrointestinal involvement
» History of, or high risk for, gastrointestinal cancer or polyposis
» Recent appearance of diarrhoea, hematochezia
» History of neurological/neurodegenerative disorders
» History of psychiatric conditions

» Overweight and obesity (body mass index >25)

Drugs that can impair gut microbiota composition
» Recent (<3 months) exposure to antibiotics, immunosuppressants, chemotherapy

» Chronic therapy with proton pump inhibitors

2) Blood and stool exams to exclude potentially transmittable diseases, including:
Blood exams
» Cytomegalovirus
» Epstein-Barr virus
» Hepatitis A
» HBV
» HCV
» Hepatitis E virus
» Syphilis
» HIV-1and HIV-2
» Entamoeba histolytica
» Complete blood cell count with differential

» C-reactive protein and erythrocyte sedimentation rate
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» Albumin
» Creatinine and electrolytes

» Aminotransferases, bilirubin, gamma-glutamyltransferase, alkaline phosphatase

Stool exams
» Detection of C. difficile
» Detection of enteric pathogens, including Salmonella, Shigella, Campylobacter,
Escherichia coli 0157 H7, Yersinia, vancomycin-resistant Enterococci, methicillin-
resistant Staphylococcus aureus, Gram-negative multidrug-resistant bacteria
» Norovirus
» Antigens for Giardia lamblia and Criptosporidium parvum
» Protozoa (including Blastocystis hominis) and helminths
» Faecal occult blood testing
» Calprotectin
» Helicobacter pylori faecal antigen

» Rotavirus

3) A further questionnaire administered to selected donors the day of the faeces collection to rule
out any issue happened within the screening period, including:
» Newly appeared gastrointestinal signs and symptoms (i.e. diarrhoea, nausea, vomiting,
abdominal pain, jaundice)
» Newly appeared illness or general signs as fever, throat pain, swollen lymph nodes
» Use of antibiotics or other drugs that may impair gut microbiota, new sexual partners or
travels abroad since the last screening
» Recent ingestion of a substance that may result harmful for the recipients
» Travel in tropical areas—contact with human blood (sting, wound, showing, piercings,
tattoos)—sexual high-risk behaviour
» Diarrhoea (more than three loose or liquid stools per day) among members of the

entourage (including children) within 4 weeks of donation

The assignment of faecal infusates from healthy donors to patients will be done randomly, without

any specific recipient-donor match, as this is not recommended by international guidelines (20).

18



Two healthy subjects will be selected, among donors from the donor bureau of the gastroenterology
unit, as stool donors. At the time of their first donation, a sample of faeces will be collected and

stored at -80°C for microbiome analysis.

: . ¢ faecal inf
All faecal infusates will be manufactured in the microbiology unit of our hospital. Only fresh faeces
will be used. For each aliquot, 50 grams of faeces will be diluted in 250 mL of sterile saline. The

deriving solution will be blended, and the supernatant strained and poured into a sterile container.

3.4.3 FMT procedures

All procedures will be performed by colonoscopy, under sedation. Patients in both groups wil
undergo bowel cleansing with 4 litres of macrogol (SELG ESSE) the day before the procedure. All
procedures will be performed by 2 expert endoscopists (G. C., L. R. L.), using pediatric
colonoscopes and carbon dioxide insufflation. Both faecal infusates and placebo infusates will be
delivered through the operative channel of the scope after reaching the more proximal point of the
large bowel, using 50 mL syringes filled with the infusate during colonoscopy. The faecal infusate
will be delivered within 6 hours after donor supply. After the procedures, patients will be monitored

in the recovery room of the endoscopy centre for nearly 3 hours.

3.5 Follow-up

Follow-up visits will be performed by physicians from the oncology unit. All patients will be
followed up for 2 months after the end of treatments. Follow-up visits will be scheduled at week 1,
week 2, week 4, and week 8, after the end of treatments, respectively. At each visit the following
assessments will be performed: 1) evaluation of the severity of diarrhoea, following the National
Cancer Institute Common Toxicity Criteria (NCI CTC) version 4.0 (24); 2) record of concomitant
medication, including loperamide; 3) collection of stool samples; 4) record of adverse events.

Unscheduled follow-up visits will be offered if requested by the patients.

3.6 Study Outcomes

3.6.1 Primary outcome

e Resolution of diarrhoea 4 weeks after the end of treatments
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3.6.2 Secondary outcomes
e Resolution of diarrhoea 1, 2, and 8 weeks after the end of treatments
o Decrease of diarrhoea until grade G1 or lower 1, 2, 4 and 8 weeks after the end of
treatment

e Discontinuation or reduction of treatment with TKls

All adverse event occurred during follow-up will be recorded

omizati I locati
Blocked randomisation of subjects will be performed by an external individual not involved in the
study. An online random number generator software (https://www.sealedenvelope.com/simple-
randomise r/v1/lists) will be used. To mask treatments to recipients, both infusates bottles and
syringes will be covered with dark colored paper before the infusion, and the patients will be unable
to see the endoscopic display during the procedure, which will be done under sedation. Moreover,
the physicians who will visit patients at follow-up will be not aware of the treatment being

administered.

icrabi s

Gut microbiota analysis will be performed via shotgun metagenomics. Whole DNA will be
extracted with the DNA was extracted using the Danagene Microbiome Fecal DNA kit and
sequenced on the Illumina NovaSeq platform at an average of at least 4.5Gb. Default quality control
will be done following the recommended and validated bioBarkery workflow, and resulting samples
analyzed with the latest releases of MetaPhlAn for taxonomic profiling and StrainPhlAn for strain-

level profiling.

3.9 Sample size
To calculate sample size, we assume a 20% resolution rate of diarrhoea in the placebo arm (21) and
a 80% resolution rate of diarrhoea in the FMT arm at 4 weeks of follow-up. Using a two-tailed a

value of 0.05 and a power of 80% (b = 0.20), the enrolment of 10 patients per group is required.

ctical analvsi

The statistical analysis will be performed both on an intention-to-treat and per-protocol basis.

Differences among groups will be assessed with a two-tailed Wilcoxon-rank sum test for
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continuous data and with Fisher’s exact probability test (using two-tailed P-values) for categorical
data. Differences in cure percentages will be determined with Fisher’s exact test (with two-tailed P
values). For microbiome analysis, statistical differences between group means will be calculated
using a two-tailed Wilcoxon-Rank Sum Test, through the R statistical software package (R Core

Team, Vienna, Austria).

21



4. Safety Reporting

No specific serious adverse events are expected. Adverse events are defined as any undesirable
experience occurring to a subject during the study, whether or not considered related to the
surveillance protocol. All adverse events reported spontaneously by the subject or observed by the

investigator or his staff will be recorded and reported to the coordinating investigator.

A serious adverse event is any untoward medical occurrence or effect that at any dose:

e results in death;

e s life threatening (at the time of the event);

e requires hospitalisation or prolongation of existing inpatients’ hospitalisation;

e results in persistent or significant disability or incapacity;

e isacongenital anomaly or birth defect;

e is a new event of the trial likely to affect the safety of the subjects, such as an
unexpected outcome of an adverse reaction, lack of efficacy of an IMP used for the
treatment of a life threatening disease, major safety finding from a newly completed

animal study, etc.

All SAEs will be reported by the coordinating investigator.

SAEs that result in death or are life threatening should be reported expedited. The expedited
reporting will occur not later than 7 days after the responsible investigator has first knowledge of
the adverse reaction. This is for a preliminary report with another 8 days for completion of the
report.

All adverse events will be followed until they have abated, or until a stable situation has been
reached. Depending on the event, follow up may require additional tests or medical procedures as

indicated, and/or referral to the general physician or a medical specialist.

5. Ethics

The study protocol must be approved by the ethics committee of the Fondazione Policlinico
Universitario “A. Gemelli” IRCCS, and will be registered at ClinicalTrials.gov. The study will be
conducted in accordance with the Consolidated Standards of Reporting Trials (CONSORT)

Statement
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